Parasitism by tachinid parasitoid(s) was investigated for 7 species of lepidopteran host larvae collected in Ibaraki Prefecture, Japan in 1997 and 1998. A total of 188 tachinid larvae emerged from 157 out of 1,051 field-collected hosts. Compsilura concinnata (Meigen), Exorista japonica (Townsend), Pales pavida (Meigen), Senometopia excisa (Fallén), Zenillia libatrix (Panzer), Blepharipa sp. and Exorista spp. were identified. New hosts of E. japonica, P. pavida and Z. libatrix were recorded. Emergence of more than 1 conspecific larva from a single host individual was observed in hosts parasitized by E. japonica, P. pavida, S. excisa or Blepharipa sp. Three different types of species combinations in multiparasitism were also observed: (1) E. japonica and P. pavida; (2) E. japonica and Tachinidae sp.; and (3) Blepharipa sp. and Tachinidae spp. These results suggest that E. japonica, P. pavida, S. excisa and Blepharipa sp. larvae potentially have a high "tolerance" for the presence of other tachinid larvae. Probably, this enables these tachinid larvae to coexist tolerantly with conspecific and/or heterospecific tachinid larvae and, therefore, benefits their survival when there are not sufficient hosts available.
INTRODUCTION
Parasitoids are well-known natural enemies of insect pests. They complete their larval development only in a single host body, feeding and killing the parasitized host. The host body is the only food resource for parasitoid larvae. Parasitoid adults are continuously faced with changing conditions in their search for and encounter with hosts. Factors such as host availability and quality affect the fitness of an ovipositing female parasitoid. So far most studies on parasitoids have focused on hymenopteran parasitoids and little is known about parasitism by dipteran parasitoids.
Tachinid parasitoids parasitize various insects, such as Lepidoptera, Orthoptera and Coleoptera. Female flies of some tachinid species attack only adults of Orthoptera or Coleoptera (Clausen and King, 1927; Cade, 1975; Robert et al., 1992; Walker, 1993; Allen, 1995; Lehmann and Heller, 1998) , while the female flies of many other tachinid species attack mainly larvae of Lepidoptera. In the former case, the host quality and quantity is considerably stable, but in the latter case it changes drastically in a relatively brief period during the host's developmental stages. Although little is known about reproductive strategies of tachinid females, they have been studied experimentally by several authors (e.g. Stapel et al., 1997) . Stapel et al. (1997) investigated female adjustment of progeny number in response to different host conditions. They demonstrated experimentally that the maximum number of emerging tachinid larvae (Lespesia archippivora) per host (Spodoptera exigua) increased with the host instar at the time of parasitization.
As mentioned above, the tachinid parasitoids complete their larval development only in a single host body. In several lepidopteran host species, a single host individual is often attacked by different tachinid species and their larvae occur together in a single host, e.g., larvae of 2 tachinid species (Compsilura concinnata and Epicampocera succincta) occurring together in the body of the hosts (Pieris larvae) Ohsaki, 1993, 1996) . Furthermore, conspecific larvae of C. concinnata and E. succincta also often occur together in a host body Ohsaki, 1993, 1996) . Some survival strategies of tachinid larvae are expected in these 2 cases because every tachinid larva requires a sufficient food resource for completing its larval development. Ohsaki (1993, 1996) investigated inter-and intraspecific interactions among larvae of C. concinnata and E. succincta parasitizing Pieris larvae in the field. C. concinnata, an extreme generalist, exhibited scramble-type competition, sharing the host with other conspecifics and suffering reduced body size as a result. On the other hand, E. succincta, a specialist on Pieris larvae, showed contest-type intraspecific competition, eliminating all other conspecific larvae. C. concinnata had a much higher chance of survival when these 2 tachinid species occurred together in a single host individual Ohsaki, 1993, 1996) .
In this study parasitism by tachinid parasitoids was investigated in detail for field-collected lepidopteran host larvae to determine parasitic status of the tachinid parasitoids in the field. Results are discussed in connection with the survival strategy of tachinid larvae.
MATERIALS AND METHODS
Hosts. Larvae of a total of 7 species of Lepidoptera were collected from their host plants in 3 different sites in Ibaraki Prefecture, Japan in 1997 and 1998. In each collection of 1 host species in a day, the host larvae were collected by 1 person randomly from branches of the trees up to about 2 m above the ground and the duration of each sampling was 30 min. For each host species, the larval instar of each collected host was determined by its head capsule width based on data on growth of head capsule (Kan, unpublished data).
In the 1997 collection, larvae of 3 species of Lepidoptera were captured: (1) Hyphantria cunea (Drury) larvae from 3 walnut trees, Juglans mandshurica Maxim. var These field-collected host larvae were kept individually in our FFPRI laboratory under conditions of 25Ϯ1°C and 16L:8D until the host larvae died with or without yielding tachinid larvae, or until the hosts successfully developed into adults. The host larvae were fed fresh leaves of their food plants which did not bear any tachinid eggs.
Tachinid parasitoids. The number of tachinid larvae emerging from each host was recorded. The tachinid larvae emerged from their hosts after the hosts died. Pupariation of the tachinid larvae was observed within about 12 h after emergence under laboratory conditions. The puparia were kept individually and allowed to eclose in a plastic container (2.5ϫ3.5ϫ2.5 cm) under the same conditions as mentioned above, with a piece of filter paper (1.5ϫ 1.5 cm) well moistened with distilled water to maintain a high moisture level. The adult flies obtained were identified and recorded.
RESULTS AND DISCUSSION

Records of hosts, mortality and adult emergence
Records of the hosts, their mortality and the number of their adult emergences are shown in Table 1 . A total of 1,051 host larvae consisting of 7 species from 5 families were collected in 1997 and 1998 (403 and 648, respectively). All larvae were at the last instar, except for P. sinica collected on 16 April 1998 which were third instar larvae. As shown in Table 1 , 157 out of the 1,051 host larvae were parasitized. Parasitoids emerging from the 157 parasitized hosts were only tachinids. In the 196 host bodies which died without yielding parasitoids, no tachinid larvae were found by microscopical observations. Probably, these 196 hosts were killed by other factors, such as improper development, unsuccessful pupation and accidental injury caused by handling.
List of hosts and tachinid parasitoids
A list of the field-collected hosts and the tachinid parasitoids emerging from them is shown in Table 2a and b. Tachinid larvae emerged from the hosts at their last larval, prepupal or pupal stage. A total of 188 tachinid larvae emerged from the 157 parasitized hosts. One hundred and twenty-five out of the 188 tachinid larvae successfully developed into adults, making it possible to identify them. They were Compsilura concinnata (Meigen), Exorista japonica (Townsend), Pales pavida (Meigen), Senometopia excisa (Fallén), Zenillia libatrix (Panzer), Blepharipa sp. and Exorista spp. Ten tachinid larvae which emerged from P. glaucopis collected on 21 May 1998 (Table 2b ) died of unsuccessful adult eclosion and could not be identified. Therefore, they were recorded as Tachinidae spp. This also applied to 2 cases in which the tachinids died at the puparial stage: (1) 12 tachinid larvae which emerged from P. flavescens (Table 2a) and (2) 15 tachinid larvae which emerged from C. remota collected on 15 May 1998 (Table 2b ). The remaining 26 of the 188 tachinid larvae successfully developed into adults but could not be identified even at the generic level, so they were recorded as Tachinidae spp., too.
Percentage parasitism
As mentioned above, 5 tachinid species (C. concinnata, E. japonica, P. pavida, S. excisa and Z. libatrix) were identified at the species level. Ninety (57.3%) out of the 157 parasitized hosts, which consisted of 6 lepidopteran species, were attacked by these 5 tachinid species and each host was parasitized by a single tachinid species. Percentage parasitism of these 6 host species by the 5 tachinid species is shown in Table 3 .
Number of tachinid parasitoids emerging from a single host individual
The number of tachinid larvae emerging from a single host individual is shown in Table 4 . This number was only 1 in 140 (89.2%) out of the 157 parasitized hosts, and it was more than 1 in 17 (10.8%) out of the 157 hosts. When a host was parasitized by any one of tachinid species (C. concinnata, E. japonica, P. pavida, S. excisa and Z. libatrix) the number of tachinid parasitoids emerging from a single host individual is shown in Table 5 . As shown in Table 4 , as many as 14 tachinid larvae emerged from a single host individual, G. sarpedon, and all of them successfully developed into adults.
The number of tachinid larvae emerging from a single host individual has been reported for some tachinid species parasitizing field-collected lepidopteran hosts. In E. japonica parasitizing Mamestra brassicae (Family: Noctuidae), this number was 1 to 6 (Oku and Kobayashi, 1974) . Although the number of C. concinnata larvae emerging from a single host individual was only 1 in this study (Table 5) , Iwao and Ohsaki (1996) observed that this number was 1 to 3 in C. concinnata parasitizing Pieris larvae (Family: Pieridae). The average number of Thelairia bryanti larvae emerging per host (Platyprepia virginalis, Family: Arctiidae) was about 2 and the muximum was 6 (English-Loeb et al., 1990).
Number of tachinid species emerging from a single host individual
The number of tachinid species emerging from a single host individual was investigated for each host species (Table 6 ). This number was only 1 in 152 (96.8%) out of the 157 parasitized hosts. The number was 2 in 4 (2.5%) out of the 157 hosts and this was observed in 3 different cases as follows: (1) 2 larvae (E. japonica and P. pavida) emerging from a single host individual were observed in 1 host, H. cunea; (2) 2 larvae (E. japonica and Tachinidae sp.) emerging from a single host individual were observed in 1 host, P. glaucopis; and (3) 2 larvae (2 Tachinidae spp.) emerging from a single host individual were observed in 2 hosts (P. glaucopis). While, as mentioned above, a total of 14 tachinid larvae emerged together from a single host individual (G. sarpedon). They consisted of 10 larvae of Blepharipa sp. and 4 larvae of Tachinidae spp. These 4 larvae of Tachinidae spp. consisted of 2 to 4 tachinid species. Therefore, in G. sarpedon, the number of tachinid species emerging from a single host individual was recorded as 3 to 5. These results show multiparasitism by different tachinid species, i.e., (1) E. japonica and P. pavida, (2) E. japonica and Tachinidae sp., (3) Tachinidae spp. and (4) Blepharipa sp. and Tachinidae spp.
GENERAL DISCUSSION
In the present study, the 5 tachinid species (C. concinnata, E. japonica, P. pavida, S. excisa and Z. libatrix) were identified at the species level. All of them are generalist parasitoids, attacking various species of Lepidoptera: (1) C. concinnata has an extremely broad host range in Japan composed of 59 species from 20 families of Lepidoptera, including C. remota, H. cunea and P. sinica (Shima, 1999; pp. 14-16) . Parasitization by C. concinnata was confirmed in C. remota, H. cunea and P. sinica in this study; (2) E. japonica also has a broad host range in Japan composed of 46 species from 17 families of Lepidoptera including H. cunea (Shima, 1999; pp. 6-9) . Parasitization by E. japonica was confirmed in H. cunea in this study. In the present study, parasitization by E. japonica was also observed in P. glaucopis. This is the first record of P. glaucopis parasitized by E. japonica; (3) P. pavida has also a broad host range in Japan composed of 42 species from 15 families of Lepidoptera including H. cunea (Shima, 1999; pp. 51-53) . In the present study, parasitization by P. pavida was confirmed in H. cunea and was also observed in D. japonica and P. glaucopis. This is the first record of D. japonica and P. glaucopis being para-138 E. KAN et al. Hyphantria cunea
Total 14 42 7 2 7 2 4 1 1 1 9 0 sitized by P. pavida; (4) the host range of S. excisa is composed of 9 species from 6 families of Lepidoptera including P. flavescens (Shima, 1999; p. 39) . Parasitization by S. excisa was confirmed in P. flavescens in this study; and (5) the host range of Z. libatrix is composed of 8 species from 5 families of Lepidoptera (Shima, 1999; p. 56) . In the present study, parasitization by Z. libatrix was observed in P. glaucopis. This is the first record of P. glaucopis parasitized by Z. libatrix. As shown in Table 4 , the number of tachinid larvae emerging from a single host individual was only 1 in 140 parasitized hosts. This suggests the possibility that a single tachinid emergence may have resulted from intra-or interspecific competition among tachinid larvae for the limited nutrients of the host. However, to obtain tangible evidence of competition is almost impossible at present because of technical difficulties, that is, it is hard to observe the inside of the intact parasitized hosts before the tachinid emergence. Emergence of more than 1 conspecific tachinid larva from a single host individual was observed in 13 hosts parasitized by E. japonica, P. pavida, S. excisa or Blepharipa sp. (Tables 2a and 5 ). This may result from oviposition to a host previously parasitized by a tachinid female herself or by another conspecific female. Multiparasitism was also observed in 5 hosts and tachinid larvae of 2 or 3 to 5 species emerged from a single host individual (Table 6 ). In multiparasitism, at least 3 different types of species combinations were identified: (1) E. japonica and P. pavida; (2) E. japonica and Tachinidae sp.; and (3) Blepharipa sp. and Tachinidae spp. These results suggest that E. japonica, P. pavida, S. excisa and Blepharipa sp. larvae potentially have a high "tolerance" for the presence of other conspecific and/or heterospecific tachinid larvae. Iwao and Ohsaki (1996) also pointed out a high tolerance in C. concinnata larvae for the presence of other conspecific tachinid larvae. Of course, this does not mean that these tachinid larvae never compete for limited food resources.
A high tolerance in these tachinid species appears to be associated with an inability of a female fly to recognize previous parasitization in the host or their wide host range. For female hymenopteran parasitoids, the ability to discriminate between parasitized and unparasitized hosts at the time of oviposition has been reported by several authors (e.g. Hubbard et al., 1987; Völkl and Mackauer, 1990; McBrien and Mackauer, 1991; van Dijken et al., 1991; Visser, 1993) . Although it is not known what mechanism the host discrimination is based on in the hymenopteran parasitoids, it seems very likely that chemoreception is involved. Weideli (1967) observed that the composition of the haemolymph of Drosophila melanogaster larvae changed qualitatively as well as quantitatively after parasitization by the parasitic wasp, Pseudeucoila bochei. Fisher and Ganesalingam (1970) also observed changes in the composition of haemolymph of the host Anagasta (Ephestia) kuehniella after attack by the parasitic wasp, Devorgilla (Nemeritis) canescens. In a scanning electron microscopic study, van Lenteren (1972) observed many receptor organs, probably contact-chemoreceptors, on the ovipositor of P. bochei, especially on the part actually inserted into the host during oviposition. He suggested that the host discrimination ability in P. bochei females may be based on the presence of the contact-chemoreceptors on the ovipositor. On the other hand, the host discrimination ability in female dipteran parasitoids is not well known. Tachinid females have no ovipositor and only glue their eggs on the host exoskeleton (e.g. E. japonica and S. excisa) or on a host plant of the host (e.g. P. pavida and Blepharipa sp.). They, therefore, may not be able to know whether the host was previously parasitized.
When parasitizing a wide range of host species, tachinid larvae will encounter many competitors. In such a situation, a high tolerance for the presence of other tachinid larvae would enable a tachinid larva to coexist tolerantly in a host with other tachinid larvae without direct and fatal intraand interspecific competition.
A decrease in puparial weight of a tachinid with an increasing number of tachinid puparia per host was found in Eucelatoria sp. by Ziser et al. (1977) and in L. archippivora by Stapel et al. (1997) . Iwao and Ohsaki (1996) pointed out a tremendous plasticity in body size in the tachinid, C. concinnata: the smallest puparium weighed only 13% of the average of normal ones, yet it seemd to be perfectly capable of reproducing (K. Iwao, personal observation cited by Iwao and Ohsaki, 1996) . They also pointed out that such a size plasticity is certainly useful in tolerating competition for the limited nutrients of a host. The presence of size plasticity is expected also in E. japonica, P. pavida, S. excisa and Blepharipa sp.
In conclusion, the present results suggest that E. japonica, P. pavida, S. excisa and Blepharipa sp. larvae potentially have a high tolerance for the presence of other tachinid larvae. Probably, this enables these tachinid larvae to coexist tolerantly with conspecific and/or heterospecific tachinid larvae in a host and, therefore, benefits their survival when there are not sufficient hosts available.
